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CO-CLICK BASED SIMILARITY SCORE OF
QUERIES AND KEYWORDS

BACKGROUND

The Internet provides access to a wide range of resources.
For example, web pages for particular subjects are accessible
over the Internet. Access to these resources presents oppor-
tunities for providing advertisements with the resources. A
web page can, for example, include advertisement slots for
presenting advertisements. These advertisements slots can be
defined for presentation with a web page, for example, 1n a
pop-up window. The advertisements slots can also be defined
in the web page.

When a user performs a search using query terms, the
query terms are used to 1dentily relevant advertisements for
the slots. The advertisements can sometimes be identified
based on an exact match of the query to the keywords asso-
ciated with the advertisements. Alternatively, the advertise-
ments may be 1dentified based on an expanded match where
the query 1s associated with keywords and the advertisement
keywords are compared against these keywords. The key-
words that are associated with the query need to be ones that
are related to the query 1n order to 1dentily the most relevant
advertisements. Many different signals can be used to identity
relevant keywords to associate with queries.

BRIEF SUMMARY

The embodiments described below include systems and
methods for generating keywords offline. According to an
embodiment, a method may include identifying a first query
and a second query. The method may also include 1identifying
first related queries associated with the first query and second
related queries associated with the second query, each of the
first related queries associated with a relatedness weight indi-
cating a strength of a relation between the first query and the
respective first related query, and each of the second related
queries associated with the relatedness weight indicating the
weight of the relation between the second query and the
respective second related query. The method may also include
identifying one or more first features for the first query, each
first feature including at least one term from one of the first
related queries, and 1dentifying one or more second features
for the second query, each second feature including at least
one term from one of the second related queries. The method
may also include creating a first feature vector for the first
query, the first feature vector including one or more terms
from the first related queries, and for each term, including the
relatedness weight associated with the respective first related
query that includes the respective term, and creating a second
teature vector for second query, the second feature vector
including one or more terms from the second related queries,
and for each term, including the relatedness weight associated
with the respective second related query that includes the
respective term. The method may further include determining
a similarity of the first query and the second query based on
the first and second feature vector.

According to another embodiment, a system may include
one or more computers, and a computer-readable medium
coupled to the one or more computers having instructions
stored thereon which, when executed by the one or more
computers, cause the one or more computers to perform
operations comprising 1dentifying a first query and a second
query. The operations may also include i1dentifying {first
related queries associated with the first query and second
related queries associated with the second query, each of the
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first related queries associated with a relatedness weight indi-
cating a strength of a relation between the first query and the
respective first related query, and each of the second related
queries associated with the relatedness weight indicating the
weight of the relation between the second query and the
respective second related query. The operations may also
include 1dentifying one or more first features for the first
query, each first feature including at least one term from one
of the first related queries, and 1dentifying one or more second
teatures for the second query, each second feature including
at least one term from one of the second related queries. The
operations may also include creating a first feature vector for
the first query, the first feature vector including one or more
terms from the first related queries, and for each term, 1nclud-
ing the relatedness weight associated with the respective first
related query that includes the respective term, and creating a
second feature vector for second query, the second feature
vector including one or more terms from the second related
queries, and for each term, including the relatedness weight
associated with the respective second related query that
includes the respective term. The operations may further
include determiming a similarity of the first query and the
second query based on the first and second feature vector.

According to another embodiment, a computer storage
medium encoded with a computer program 1s provided. The
program comprising instructions that when executed by one
Or more processors cause the one or more processors {0 per-
form operations comprising 1dentifying a first query and a
second query. The operations may also include i1dentifying
first related queries associated with the first query and second
related queries associated with the second query, each of the
first related queries associated with a relatedness weight indi-
cating a strength of a relation between the first query and the
respective first related query, and each of the second related
queries associated with the relatedness weight indicating the
weight of the relation between the second query and the
respective second related query. The operations may also
include identifying one or more first features for the first
query, each first feature including at least one term from one
of the first related queries, and 1dentifying one or more second
teatures for the second query, each second feature including
at least one term from one of the second related queries. The
operations may also include creating a first feature vector for
the first query, the first feature vector including one or more
terms from the first related queries, and for each term, 1nclud-
ing the relatedness weight associated with the respective first
related query that includes the respective term, and creating a
second feature vector for second query, the second feature
vector including one or more terms from the second related
queries, and for each term, including the relatedness weight
associated with the respective second related query that
includes the respective term. The operations may further
include determiming a similarity of the first query and the
second query based on the first and second feature vector.

Further embodiments, features, and advantages, as well as
the structure and operation of the various embodiments are
described 1n detail below with reference to accompanying
drawings.

BRIEF DESCRIPTION OF TH.
DRAWINGS/FIGURES

T

Embodiments are described with reference to the accom-
panying drawings. In the drawings, like reference numbers
may indicate identical or functionally similar elements. The
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drawing 1n which an element first appears 1s generally indi-
cated by the left-most digit 1n the corresponding reference
number.

FIG. 1 1s an query pair similarity example.

FIG. 2 1s a block diagram of an example environment in
which an advertisement system manages advertising ser-
VICES.

FIG. 3 1s a flowchart 1llustrating a method for determining,
the similarity of queries, according to an embodiment.

FIG. 4 1s a swim lane diagram illustrating a process for
determining the similarity of queries, according to an
embodiment.

FIG. 5 15 a system diagram that can be used to implement
embodiments described herein.

DETAILED DESCRIPTION OF THE INVENTION

Embodiments are described herein with reference to illus-
trations for particular applications. It should be understood
that the mvention 1s not limited to the embodiments. Those
skilled 1n the art with access to the teachings provided herein
will recognize additional modifications, applications, and
embodiments within the scope thereof and additional fields 1n
which the embodiments would be of significant utility.

Advertisers can bid on keywords for an advertisement. In
some cases, when a user submits a search query, 1f the query
terms match the keywords, the advertisement 1s 1dentified as
a responsive advertisement. Other times, the search query 1s
expanded to keywords. The keywords are then used to
identily relevant advertisements.

In order to determine which keywords are good keywords
to associate with queries, the keywords can be generated
offline. Queries previously submitted by users are 1dentified.
In order to determine i1f one query can be a keyword for the
other query and vice versa, a similarity between the two needs
to be determined. Related queries associated with the first and
second query are 1dentified and feature vectors are generated
for each query. The similarity of the first query to the second
query 1s determined based on a comparison of the feature
vectors.

FIG. 1 illustrates an example of determining the similarity
ol queries. Queries are 1dentified by a similanty determina-
tion engine 140. The queries can be queries that have been
used 1n previous search requests and are stored 1n query logs.
Once the queries are identified, related quenies for each are
identified. The related queries can be queries that users are
likely to use instead of the original query to search for
approximately the same documents. One way of 1dentifying
related queries 1s the co-click technique. The co-click tech-
nique 1s described 1n U.S. patent application Ser. No. 12/632,
363, enftitled “Using Transition Probabilities to Expand
Query Keywords to

Irigger Advertisements,” to inventors
Diego Federici and Henrik Jacobsson, filed Dec. 7, 2009,
which 1s herein incorporated by reference. Co-click works as
tollows. If a search result was responsive to a first query, and
the search result was selected by a user, and the same search
result was responsive to a second query and the search result
was also selected by the user, the second query 1s a related
query to the first query. In other words, the average user
preference for a result can be estimated based on statistical
analysis of the search logs. For example, if search result A was
responsive to the query “cars for sale” and was selected by a
user, and the search result A was also responsive to the query
“used cars” and “vintage cars,” and both times the search
result A was selected by the user, then “used cars™ and “vin-
tage cars” can be related queries for the query “cars for sale.”
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4

Each related query can be associated with a relatedness
weight indicating a strength of a relation between the queries.
Therelatedness weight indicates how similar a first query 1s to
the second query.

For example, suppose the original queries that are 1denti-
fied are Q1 “car” 102, Q2 “motorcycle” 104, and Q3 “bike”
106. Related quernies for each original query can be identified
where each related query 1s associated with a relatedness
weight 114, 116, and 118 with respect to the original query.

In this example, the related queries 108 for the query “car”
are “four wheels” with a relatedness weight of 3.0 with
respect to the query “car”” Another related query 108 1s
“engine’” with a relatedness weight of 2.0 with respect to the
query “car.” The third related query 108 1s “four seats” with a
relatedness weight of 1.0 with respect to the query “car.”

The related queries 110 for the query “motorcycle” are
“two wheels” with a relatedness weight o 2.0 with respect to
the query “motorcycle.”” Another related query 110 1s
“engine” with a relatedness weight of 1.0 with respect to the
query “motorcycle.”

The related queries 112 for the query “bike” are “two
wheels” with a relatedness weight of 3.0 with respect to the
query “bike,” and “exercise’” with a relatedness weight of 2.0
with respect to the query “bike.”

Features can be identified for each query, the features
including a term from the related queries to the first and
second query. The features can then be scored, for example,
by adding the transition probabilities of the term, 11 the term
occurs 1n more than one query. Feature vectors can then be
generated for each query. The feature vectors can include a
feature, which can be a term from the related queries, as well
as the relatedness weight corresponding to the related query
that 1s associated with the term.

In some cases the feature vector can be a unigram feature
vector based on the related first queries, a bigram feature
vector, or a trigram based on the related first queries. In other
cases, the feature vector can be the union of unigrams and
bigrams. In still other cases the feature vector can also be the
exact full related queries.

In this example, for the query “car,” the feature vector 120
includes the terms “four” with the relatedness weight 4.0
because the term “four” was in two queries “four wheels,” and
“four seats,” and, therefore, each relatedness weight 1s
included 1n the feature vector and added. Therefore, the relat-
edness weight 3.0 and 1.0 are added and 4.0 1s what 1s
included 1n the feature vector 120. The feature vector 120 also
includes the term “wheels” with the relatedness weight 3.0,
the term “engine” with the relatedness weight 2.0, and the
term “‘seat” with the relatedness weight of 1.0.

The feature vector 122 for the query “motorcycle” includes
the terms “two” with the relatedness weight of 2.0, the term
“wheels” with the relatedness weight 2.0, and the term
“engine” with the relatedness weight 1.0.

The feature vector 124 of the query “bike” includes the
term “two” with the relatedness weight 3.0, the term “wheels™
with the relatedness weight 3.0, and the term “exercise’ with
the relatedness weight 2.0.

The feature vectors 120, 122, and 124 can then be com-
pared to determine how similar the queries associated with
each feature vector are. The feature vectors 120, 122, and 124
can then be compared, for example, based on how many
features they share, using a cosine similarity function, or a
Jaccard index. The cosine similarity function or Jaccard index
are just examples of functions determining distance between
feature vectors and other functions can be used.

For example, the feature vectors 120 and 122 can be com-
pared as shown in comparison 126. In this comparison, the
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two feature vectors share the features “wheels” and “engine.”
The similarity determination engine 140 can set a threshold
number of features that must be shared by two vectors in order
for the queries associated with each vector to be considered
similar. For example, 11 the threshold number of features 1s at
least 2, then the queries “cars” and “motorcycle” can be
identified as being similar 128.

The feature vectors 120 and 124 can be compared as shown
in comparison 130. These two feature vectors only share one
teature “wheels” so they can be identified as not being similar
132.

Once queries are 1dentified as being similar, then one query
can be used as a keyword for the other and potentially vice
versa. For example, 1f query A 1s found to be similar to query
B, then query A can be associated with query B a keyword and
vice versa. Therefore, when a query 1s recetved, for example
query A, because 1t 1s associated with query B as a keyword,
any advertisements found responsive to query B can be 1den-
tified as a responsive advertisement for query A.

In this example, the queries “car’” and “motorcycle” were
found to be similar 128. Therefore “car” can be a keyword
associated with the query “motorcycle” and “motorcycle”
can be a keyword associated with the query “car.” If a user
submits the query “car,” because it 1s associated with the
keyword “motorcycle,” any advertisements associated with
the keyword “motorcycle” can be found to be responsive to
the original query “car.”

FIG. 2 1s a block diagram of an example environment 200
in which an advertisement system 202 manages advertising
services. The example environment 200 includes one or more
networks 204, such as a local area network (LAN), a wide
area network (WAN), the Internet, or a combination thereof.
The network 204 connects user devices 206, websites 208,
advertisers 210, and the advertisement system 202. The envi-
ronment 200 may include many thousands of user devices
2006, websites 208, and advertisers 210.

A website 208 1s one or more resources 212 associated with
a domain name and hosted by one or more servers. An
example website 1s a collection of web pages formatted 1n
hypertext markup language (HTML) that can contain text,
images, multimedia content, and programming elements,
such as scripts. Each website 208 1s maintained by a pub-
lisher, which 1s an entity that controls, manages and/or owns
the website 204.

A resource 212 1s any data that can be provided over the
network 204. A resource 212 i1s identified by a resource
address that 1s associated with the resource 212. Resources
include HTML pages, word processing documents, and por-
table document format (PDF) documents, images, video, and
teed sources, to name only a few. The resources can include
content, such as words, phrases, 1mages and sounds, that may
include embedded information (such as meta-information 1n
hyperlinks) and/or embedded instructions (such as JavaScript
SCripts).

A user device 206 1s an electronic device that 1s under
control of a user and 1s capable of requesting and receiving
resources over the network 204. Example user devices 206
include personal computers, mobile communication devices,
and other devices that can send and receive data over the
network 204. A user device 206 typically includes a user
application, such as a web browser, to facilitate the sending
and receiving ol data over the network 204.

Auser device 206 canrequestresources 212 from a website
208. In turn, data representing the resource 212 can be pro-
vided to the user device 206 for presentation by the user
device 206. The data representing the resource 212 can also
include data specitying a portion of the resource or a portion
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of a user display (e.g., a presentation location of a pop-up
window or 1n a slot of a web page) in which advertisements
can be presented. These specified portions of the resource or
user display are referred to as advertisement slots.

To facilitate searching of these resources, the environment
can include a search system 214 that identifies the resources
by crawling and indexing the resources provided by the pub-
lishers on the websites 208. Data about the resources can be
indexed based on the resource to which the data corresponds.
The indexed and, optionally, cached copies of the resources
are stored 1n an indexed cache 216.

User devices 206 can submit search queries 220 to the
search system 214 over the network 204. In response, the
search system 214 accesses the indexed cache 216 to identily
resources that are relevant to the search query 220. The search
system 214 1dentifies the resources in the form of search
results 218 and returns the search results 218 to the user
devices 206 1n search results pages. A searchresult 218 1s data
generated by the search system 214 that identifies a resource
that 1s responsive to a particular search query, and 1includes a
link to the resource. An example search result 218 can include
a web page title, a snippet of text or a portion of an 1mage
extracted from the web page, and the URL of the web page.
Search results pages can also include one or more advertise-
ment slots 1n which advertisements can be presented.

When a resource 212 or search results 218 are requested by
a user device 206, the advertisement system 202 receives a
request for advertisements to be provided with the resource
212 or search results 218. The request for advertisements can
include characteristics of the advertisement slots that are
defined for the requested resource or search results page, and
can be provided to the advertisement system 202.

For example, a reference (e.g., URL) to the resource for
which the advertisement slot 1s defined, a size of the adver-
tisement slot, and/or media types that are available for pre-
sentation 1n the advertisement slot can be provided to the
advertisement system 202. Similarly, keywords associated
with a requested resource (“resource keywords™) or a search
query 220 for which search results are requested can also be
provided to the advertisement system 202 to facilitate 1den-
tification of advertisements that are relevant to the resource or
search query 220.

Based on data included in the request for advertisements,
the advertisement system 202 can select advertisements that
are eligible to be provided inresponse to the request (“eligible
advertisements”). For example, eligible advertisements can
include advertisements having characteristics matching the
characteristics of advertisement slots and that are identified as
relevant to specified resource keywords or search queries 220.
In some implementations, advertisements having targeting
keywords that match the resource keywords or the search
query 200 are selected as eligible advertisements by the
advertisement system 202.

A targeting keyword can match a resource keyword or a
search query 220 by having the same textual content (“text™)
as the resource keyword or search query 220. For example, an
advertisement associated with the targeting keyword “daisy”™
can be an eligible advertisement for an advertisement request
including the resource keyword “daisy.” Similarly, the adver-
tisement can be selected as an eligible advertisement for an
advertisement request including the search query “daisy.”

A targeting keyword can also match aresource keyword or
a search query 220 by having text that 1s 1dentified as being
relevant to a targeting keyword or search query 220 despite
having different text than the targeting keyword. For example,
an advertisement having the targeting keyword “daisy” may
also be selected as an eligible advertisement for an advertise-
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ment request including a resource keyword or search query
for “flowers” because daisy 1s a type of tlower, and therefore,
1s likely to be relevant to the term “flowers.”

The advertisement system 202 can select the eligible
advertisements that are provided for presentation in adver-
tisement slots of a resource or search results page based on
results of an auction. For example, the advertisement system
202 can receive bids from advertisers and allocate the adver-
tisement slots to the highest bidders at the conclusion of the
auction. The bids are amounts that the advertisers are willing
to pay for presentation (or selection) of their advertisement
with a resource or search results page. For example, a bid can
specily an amount that an advertiser 1s willing to pay for each
1000 mmpressions (1.e., presentations) of the advertisement,
referred to as a CPM bid. Alternatively, the bid can specily an
amount that the advertiser 1s willing to pay for a selection (i.e.,
a click-through) of the advertisement or a “conversion” fol-
lowing selection of the advertisement. The highest bidders
can be determined based on the bids alone, or based on the
bids of each bidder being multiplied by one or more factors,
such as quality scores derived from advertisement perfor-
mance, landing page scores, and the like.

Advertisers can also specily budgets for their advertise-
ment campaigns. A budget 1s a specified amount that an
advertiser 1s willing to pay for distribution of content over a
specified budget period. The specified period can be, for
example, a specified time (e.g., one day, one week, or one
year), a specified number of events (e.g., a number of 1impres-
s1ons or clicks), or some other delineation of time or events.
Once the amount the advertiser 1s charged for distribution of
content during the budget period matches or exceeds the
budget amount, the campaign can be prevented from provid-
ing content for the remainder of the budget period unless the
advertiser increases or overrides 1ts specified budget.

A conversion occurs when a user performs a particular
action related to an advertisement provided with a resource or
search results page. What constitutes a conversion may vary
from case to case and can be determined 1n a variety of ways.
For example, a conversion may occur when a user clicks on an
advertisement, 1s referred to a web page, and consummates a
purchase there belore leaving that web page. A conversion
can also be defined by an advertiser to be any measurable/
observable user action such as, for example, downloading a
white paper, navigating to at least a given depth of a website,
viewing at least a certain number of web pages, spending at
least a predetermined amount of time on a website or web
page, or registering on a website. Other actions that constitute
a conversion can also be used.

Each advertisement provided by an advertiser 210 can be
associated with a one or more keywords selected by the
advertiser. The advertisement system 202 can facilitate the
generation of keywords to associate with search queries
offline, and use the keywords to 1dentify relevant advertise-
ments by 1dentifying advertisements associated with the gen-
erated keywords. The advertisement system 202 can include
a similarity determination engine 140 that can be used
together or separately to identity the keywords offline. The
keywords can be generated by identifying related queries and
determining how similar their feature vectors are. If the fea-
ture vectors are found to be similar for two queries, then one
query can be associated with the other query as a keyword and
vICE versa.

In embodiments, advertisement system 202 (and its simi-
larity determination engine 140) may be implemented 1n soit-
ware, firmware, hardware or any combination thereof on one
or more computing devices. For example, advertisement sys-
tem 202 and 1ts similarity determination engine 140, may be

10

15

20

25

30

35

40

45

50

55

60

65

8

part of or may be implemented with a computing device, such
as, a processor-based computing device. A computing device
can be any type of device having one or more processors. For
example, a computing device can be a workstation, mobile
device (e.g., a mobile phone, personal digital assistant, tablet
or laptop), computer, server, compute cluster, server farm,
game console, set-top box, kiosk, embedded system or other
device having at least one processor and memory. Embodi-
ments may be software executed by a processor, firmware,
hardware or any combination thereof in a computing device.

An example process of determining the similarity of que-
ries 1s described with reference to FIG. 3. A swim lane dia-
gram 1s described with reference to FIG. 4. A system that can
be used to implement these examples 1s then described with
reference to FIG. 5.

FIG. 3 illustrates an exemplary method 300 for determin-
ing the similarity of queries, according to an embodiment.
The process 300 can be implemented, for example, by the
similarity determination engine 140 and/or the advertisement
management system of FIG. 1. In some implementations, the
similarity determination engine 140 i1s a data processing
apparatus that includes one or more processors that are con-
figured to perform actions of the process 300. In other imple-
mentations, a computer readable medium can include mnstruc-
tions that when executed by a computer cause the computer to
perform actions of the process 300.

In step 302, a first query and a second query are 1dentified.
The queries can be 1dentified from query logs of previous user
queries.

In step 304, first related queries associated with the first
query and second related queries associated with the second
query are 1dentified. The related queries can be 1dentified
using the co-click technique described above. A related query
1s one that a user 1s likely to use instead of the original (or first)
query to search for similar resources.

Each of the first related queries can be associated with a
relatedness weight indicating a strength of a relation between
the first query and the respective first related query. The
relatedness weight indicates a probability that a user starts a
search using the first query and 1n a same user session, per-
forms a search using the respective first related query, or a
user starts a search using the second query and in the same
user session, performs the search using the respective second
related query. Each of the second related queries can also
associated with the relatedness weight indicating the weight
of the relation between the second query and the respective
second related query.

In step 306, one or more {irst features for the first query are
identified, each first feature including at least one term from
one of the first related queries. Each related query comprises
of one or more terms. The features 1dentified are each one of
those terms.

In step 308, one or more second features for the second
query are 1dentified, each second feature including at least
one term irom one of the second related queries. Again, each
related query comprises of one or more terms and the features
identified are each one of those terms.

In step 310, a first feature vector 1s created for the first
query, the first feature vector including one or more terms
from the first related queries, and for each term, including the
relatedness weight associated with the respective first related
query that includes the respective term.

In step 312 a second feature vector 1s created for second
query, the second feature vector including one or more terms
from the second related queries, and for each term, including
the relatedness weight associated with the respective second
related query that includes the respective term.
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In step 314, a similarity of the first query and the second
query 1s determined based on the first and second feature
vector. The feature vectors can be compared to determine how
many features the feature vectors share. A similarity score can
be calculated based on the number of features the feature
vectors share. A machine learning model can be used to try to
predict whether or not the first and second query are similar
using the feature vectors as well as other signals. IT the
machine learning model determines that they are similar, the
two queries can be used as a keyword for the other and vice
versa.

In some cases, the first feature vector of the first query and
the second feature vector of the second query can be com-
pared using various functions. One function 1s cosine simi-
larity. In other cases, the first feature vector of the first query
and the second feature vector of the second query can be
compared using Jaccard index. Any such comparison func-
tion can be used 1n other cases.

FIG. 4 1s a swim lane diagram illustrating a process for
determining the similarity of queries In this illustration, a
remote server system (e.g., an advertisement system 202)
identifies queries 1 box 402, and 1dentifies candidate key-
words for each query 1 box 404. In box 406, the advertise-
ment system 202 identifies features for the first and second
query. In box 408, the advertisement system 202 creates
feature vectors for each query and in box 410 determines a
similarity of one query to another based on a comparison of
cach query’s feature vector. In box 412, the advertisement
system 202 associates the first query with the second query as
a keyword based on the determination. For example, 11 the
feature vectors are found to be similar then the queries can be
associated with each other as keywords.

In box 414, a first query input 1s received from the user at
the user device 206. In box 416, the advertisement system 202
receives the first query. In box 418 an advertisement found
responsive to the second query 1s 1dentified, because the sec-
ond query was associated with the first query as a keyword. In
box 420 the advertisement 1s provided to the user device 206.
In box 422, the user device receives the advertisement and
provides 1t 1n response to the first query recerved.

Aspects of the present invention shown in FIGS. 1-4, or any
part(s) or function(s) thereof, may be implemented using
hardware, software modules, firmware, tangible computer
readable media having instructions stored thereon, or a com-
bination thereof and may be implemented 1n one or more
computer systems or other processing systems.

FIG. 5 1llustrates an example computer system 500 in
which embodiments of the present imvention, or portions
thereol, may by implemented as computer-readable code. For
example, advertisement system 202 may be implemented 1n
computer system 3500 using hardware, soitware, firmware,
tangible computer readable media having mstructions stored
thereon, or a combination thereof and may be implemented in
one or more computer systems or other processing systems.
Hardware, software, or any combination of such may embody
any of the modules and components in FIGS. 1-4.

If programmable logic 1s used, such logic may execute on
a commercially available processing platform or a special
purpose device. One of ordinary skill in the art may appreciate
that embodiments of the disclosed subject matter can be prac-
ticed with various computer system configurations, including,
multi-core multiprocessor systems, minicomputers, main-
frame computers, computers linked or clustered with distrib-
uted functions, as well as pervasive or mimature computers
that may be embedded into virtually any device.

For instance, a computing device having at least one pro-
cessor device and a memory may be used to implement the
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above described embodiments. A processor device may be a
single processor, a plurality of processors, or combinations
thereolf. Processor devices may have one or more processor
“cores.”

Various embodiments of the invention are described 1n
terms ol this example computer system 300. After reading
this description, 1t will become apparent to a person skilled in
the relevant art how to implement the invention using other
computer systems and/or computer architectures. Although
operations may be described as a sequential process, some of
the operations may 1n fact be performed in parallel, concur-
rently, and/or 1n a distributed environment, and with program
code stored locally or remotely for access by single or multi-
processor machines. In addition, in some embodiments the
order of operations may be rearranged without departing

from the spirit of the disclosed subject matter.

Processor device 304 may be a special purpose or a general
purpose processor device. As will be appreciated by persons
skilled 1n the relevant art, processor device 504 may also be a
single processor 1n a multi-core/multiprocessor system, such
system operating alone, or 1n a cluster of computing devices
operating 1n a cluster or server farm. Processor device 504 1s
connected to a communication infrastructure 506, for
example, a bus, message queue, network, or multi-core mes-
sage-passing scheme.

Computer system 500 also includes a main memory 508,
for example, random access memory (RAM), and may also
include a secondary memory 510. Secondary memory 510
may include, for example, a hard disk drive 512, removable
storage drive 514. Removable storage drive 514 may com-
prise a floppy disk drive, amagnetic tape drive, an optical disk
drive, a flash memory, or the like. The removable storage
drive 514 reads from and/or writes to a removable storage unit
518 in a well known manner. Removable storage unit 518
may comprise a floppy disk, magnetic tape, optical disk, etc.
which 1s read by and written to by removable storage drive
514. As will be appreciated by persons skilled 1n the relevant
art, removable storage unit 318 includes a computer usable
storage medium having stored therein computer software
and/or data.

In alternative implementations, secondary memory 510
may 1nclude other similar means for allowing computer pro-
grams or other instructions to be loaded 1nto computer system
500. Such means may include, for example, a removable
storage unit 522 and an interface 520. Examples of such
means may include a program cartridge and cartridge inter-
face (such as that found 1n video game devices), a removable
memory chip (such as an EPROM, or PROM) and associated
socket, and other removable storage units 522 and interfaces
520 which allow software and data to be transierred from the
removable storage unit 522 to computer system 500.

Computer system 500 may also include a communications
interface 524. Communications interface 524 allows software
and data to be transferred between computer system 500 and
external devices. Communications interface 524 may include
a modem, a network interface (such as an Ethernet card), a
communications port, a PCMCIA slot and card, or the like.
Software and data transierred via communications interface
524 may be 1n the form of signals, which may be electronic,
clectromagnetic, optical, or other signals capable of being
received by communications interface 524. These signals
may be provided to communications interface 524 via a com-
munications path 526. Communications path 526 carries sig-
nals and may be implemented using wire or cable, fiber
optics, a phone line, a cellular phone link, an RF link or other
communications channels.
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In this document, the terms “computer program medium”™
and “‘computer usable medium™ are used to generally refer to
media such as removable storage unit 518, removable storage
unit 522, and a hard disk installed 1in hard disk drive 512.
Computer program medium and computer usable medium
may also refer to memories, such as main memory 508 and
secondary memory 510, which may be memory semiconduc-
tors (e.g. DRAMs, efc.).

Computer programs (also called computer control logic)
are stored 1in main memory 508 and/or secondary memory
510. Computer programs may also be recerved via commu-
nications interface 524. Such computer programs, when
executed, enable computer system 500 to implement the
present invention as discussed herein. In particular, the com-
puter programs, when executed, enable processor device 504
to implement the processes of the present invention, such as
the stages in the method 1llustrated by flowchart 300 of FIG.
3 discussed above. Accordingly, such computer programs
represent controllers of the computer system 500. Where the
invention 1s implemented using soitware, the software may be
stored 1n a computer program product and loaded 1nto com-
puter system 500 using removable storage drive 514, inter-
face 520, and hard disk drive 512, or communications inter-
face 524.

Embodiments of the mmvention also may be directed to
computer program products comprising soitware stored on
any computer useable medium. Such software, when
executed 1n one or more data processing device, causes a data
processing device(s) to operate as described herein. Embodi-
ments of the invention employ any computer useable or read-
able medium. Examples of computer useable mediums
include, but are not limited to, primary storage devices (e.g.,
any type of random access memory), secondary storage
devices (e.g., hard drives, floppy disks, CD ROMS, ZIP disks,
tapes, magnetic storage devices, and optical storage devices,
MEMS, nanotechnological storage device, etc.).

The embodiments have been described above with the aid
of functional building blocks illustrating the implementation
ol specified functions and relationships thereof. The bound-
aries of these functional building blocks have been arbitrarily
defined herein for the convenience of the description. Alter-
nate boundaries can be defined so long as the specified func-
tions and relationships thereotf are appropriately performed.

The foregoing description of the specific embodiments will
so Tully reveal the general nature of the invention that others
can, by applying knowledge within the skill of the art, readily
modily and/or adapt for various applications such specific
embodiments, without undue experimentation, without
departing from the general concept of the present invention.
Theretore, such adaptations and modifications are intended to
be within the meaning and range of equivalents of the dis-
closed embodiments, based on the teaching and guidance
presented herein. It1s to be understood that the phraseology or
terminology herein 1s for the purpose of description and not of
limitation, such that the terminology or phraseology of the
present specification 1s to be interpreted by the skilled artisan
in light of the teachings and guidance.

The breadth and scope of the present invention should not
be limited by any of the above-described exemplary embodi-
ments, but should be defined only in accordance with the
following claims and their equivalents.

What 1s claimed 1s:

1. A computer-implemented method, comprising:

identifying a first query and a second query from a same

user session;

identifying first related queries associated with the first

query and second related queries associated with the
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second query, each of the first related queries associated
with a relatedness weight indicating a strength of a rela-
tion between the first query and the respective first
related query, and each of the second related queries
associated with the relatedness weight indicating the
weight of the relation between the second query and the
respective second related query;

identifying one or more first features for the first query,

cach first feature including at least one term from one of
the first related queries;

identifying one or more second features for the second

query, each second feature including at least one term
from one of the second related queries;
creating a {irst feature vector for the first query, the first
feature vector including one or more terms from the first
related queries, and for each term, including the related-
ness weight associated with the respective first related
query that includes the respective term;
creating a second feature vector for second query, the sec-
ond feature vector including one or more terms from the
second related queries, and for each term, including the
relatedness weight associated with the respective second
related query that includes the respective term;

comparing the first feature vector and the second feature
vector to determine a similarity of the first query and the
second query;

associating the first query with the second query as a key-

word based on a determination that the similarity
exceeds a threshold;

identifying an electronic advertisement responsive to the

second query based on the associating; and

providing the electronic advertisement for display on auser

device.

2. The method of claim 1, wherein a first related query 1s
one that a user 1s likely to use 1nstead of the first query to
search for similar resources.

3. The method of claim 1, wherein a second related query
1s one that a user 1s likely to use instead of the first query to
search for similar resources.

4. The method of claim 1, wherein the relatedness weight
indicates a probability that a user starts a search using the first
query and 1n a same user session, performs a search using the
respective first related query, or a user starts a search using the
second query and 1n the same user session, performs the
search using the respective second related query.

5. The method of claim 1, wherein comparing the first
teature vector and the second feature vector comprises:

comparing the first feature vector and the second feature

vector using a cosine similarity.

6. The method of claiam 1, wherein comparing the first
teature vector and the second feature vector comprises:

comparing the first feature vector and the second feature

vector using a Jaccard index.

7. The method of claim 1, wherein the one or more first
features 1nclude at least one of the first related queries, a
umgram feature based on the related first queries, or a bigram
teatures based on the related first queries.

8. The method of claim 1, wherein creating a first feature
vector for the first query comprises:

creating a unigram feature vector for the first query based

on the related first queries.

9. The method of claim 8, wherein creating a first feature
vector for the first query comprises:

creating a bigram feature vector for the first query based on

the related first queries.
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10. The method of claim 8, wherein creating a second
teature vector for the second query comprises:

creating a unigram feature vector for the second query

based on the related second queries.

11. The method of claim 8, wherein creating a second
teature vector for the second query comprises:

creating a bigram feature vector for the second query based

on the related second queries.

12. The method of claim 1, wherein each term 1n the first
teature vector includes a sum of the relatedness weights asso-
ciated with the respective first related queries that include the
respective term; and wherein each term 1n the second feature
vector includes a sum of the relatedness weights associated
with the respective second related queries that include the
respective term.

13. The method of claim 1, wherein the comparing the first
teature vector and the second feature vector comprises:

comparing the first feature vector and the second feature

vector to 1dentily features shared by the first and second
feature vectors; and

identifying when a number of the shared features exceeds

a threshold.

14. A system comprising:

one or more computers; and

a non-transitory computer-readable medium coupled to the

one or more computers having instructions stored
thereon which, when executed by the one or more com-
puters, cause the one or more computers to perform
operations comprising;:

identifying a first query and a second query;

identifying first related queries associated with the first

query and second related queries associated with the
second query, each of the first related queries associated
with a relatedness weight indicating a strength of a rela-
tion between the first query and the respective first
related query, and each of the second related queries
associated with the relatedness weight indicating the
weight of the relation between the second query and the
respective second related query;

identifying one or more {irst features for the first query,

cach first feature including at least one term from one of

the first related queries;

identifying one or more second features for the second
query, each second feature including at least one term
from one of the second related queries;

creating a lirst feature vector for the first query, the first
feature vector including one or more terms from the first
related queries, and for each term, including the related-
ness weight associated with the respective first related
query that includes the respective term;

creating a second feature vector for second query, the sec-
ond feature vector including one or more terms from the
second related queries, and for each term, including the
relatedness weight associated with the respective second
related query that includes the respective term;

comparing the first feature vector and the second feature
vector to determine a similarity of the first query and the
second query;

associating the first query with the second query as a key-
word based on a determination that the similarity
exceeds a threshold:

identifying an electronic advertisement responsive to the
second query based on the associating; and

providing the electronic advertisement for display on a user
device.
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15. The system of claim 14, wherein a first related query 1s
one that a user 1s likely to use 1nstead of the first query to
search for similar resources.

16. The system of claim 14, wherein a second related query
1s one that a user 1s likely to use instead of the first query to
search for similar resources.

17. The system of claim 14, wherein the relatedness weight
indicates a probability that a user starts a search using the first
query and 1n a same user session, performs a search using the
respective first related query, or a user starts a search using the
second query and in the same user session, performs the
search using the respective second related query.

18. The system of claim 14, wherein each term 1n the first
teature vector includes a sum of the relatedness weights asso-
ciated with the respective first related quernies that include the
respective term; and wherein each term 1n the second feature
vector includes a sum of the relatedness weights associated
with the respective second related queries that include the

respective term.

19. The system of claim 14, wherein the comparing the first
feature vector and the second feature comprises:

comparing the first feature vector and the second feature

vector to 1dentily features shared by the first and second
feature vectors; and

identifying when a number of the shared features exceeds

a threshold.

20. A non-transitory computer storage medium encoded
with a computer program, the program comprising instruc-
tions that when executed by one or more processors cause the
one or more processors to perform operations comprising:

identifying a first query and a second query;

identifying first related queries associated with the first

query and second related queries associated with the
second query, each of the first related queries associated
with a relatedness weight indicating a strength of a rela-
tion between the first query and the respective first
related query, and each of the second related queries
associated with the relatedness weight indicating the
weight of the relation between the second query and the
respective second related query;

identifying one or more first features for the first query,

cach first feature including at least one term from one of
the first related queries;

identifying one or more second features for the second

query, each second feature including at least one term
from one of the second related queries;

creating a {irst feature vector for the first query, the first
feature vector including one or more terms from the first
related queries, and for each term, including the related-
ness weight associated with the respective first related
query that includes the respective term;

creating a second feature vector for second query, the sec-
ond feature vector including one or more terms from the
second related queries, and for each term, including the
relatedness weight associated with the respective second
related query that includes the respective term; and

comparing the first feature vector and the second feature
vector to determine a similarity of the first query and the
second query;

associating the first query with the second query as a key-
word based on a determination that the similarity
exceeds a threshold:;

identifying an electronic advertisement responsive to the
second query based on the associating; and

providing the electronic advertisement for display on auser
device.
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21. The computer storage medium of claim 20, wherein a
first related query 1s one that a user 1s likely to use 1nstead of
the first query to search for similar resources.

22. The computer storage medium of claim 20, wherein a
second related query 1s one that a user 1s likely to use 1nstead
of the first query to search for similar resources.

23. The computer storage medium of claim 20, wherein the
relatedness weight indicates a probability that a user starts a
search using the first query and 1n a same user session, per-
forms a search using the respective first related query, or a
user starts a search using the second query and 1n the same
user session, performs the search using the respective second
related query.

24. The computer storage medium of claim 20, wherein
cach term 1n the first feature vector icludes a sum of the
relatedness weights associated with the respective first related
queries that mclude the respective term; and wherein each
term 1n the second feature vector includes a sum of the relat-

5

10

15

16

edness weights associated with the respective second related
queries that include the respective term.

25. The non-transitory computer useable medium of claim
20, wherein the comparing the first feature vector and the
second feature comprises:

comparing the first feature vector and the second feature

vector to 1dentily features shared by the first and second
feature vectors; and

identifying when a number of the shared features exceeds

a threshold.

26. The method of claim 1, wherein the electronic adver-
tisement comprises an electronic online advertisement served
over a network, and

the 1dentitying identifies the electronic on-line advertise-

ment responsive to the second query based on the asso-
ciating; and

the providing provides the electronic on-line advertise-

ment for display on a user device.
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